EMBo reports Vol 9 | no 3 | 2008 2 3 9 meeting report meeting report this cold Spring Harbor meeting on neurobiology of Drosophila took place between 3 and 7 october 2007, in new york, uSa, and was organized by a. Kolodkin and a. Sehgal.
at the 2007 'neurobiology of Drosophila' meeting at cold Spring Harbor laboratory, new york, uSa, approximately 425 fly neurobiologists gathered to brainstorm. as in the past, continuing advances in the field addressed the molecular mechanisms underlying cell fate decisions, axon guidance, and synapse formation and function. in addition, this year marked an intensification of interest in the molecular and genetic bases of behaviour and sensory processing, and in the use of Drosophila to model human neurodegenerative disorders.
Brain development: axon guidance, synapses and glia
the elaborate and precise patterns of neural connectivity that arise during development dictate brain function and behaviour. How correct connections are formed and maintained-but allow for plasticity-are crucial questions in neural development. the larval neuromuscular junction (nMJ), the midline of the embryo and the developing visual system are being used to study connectivity and function, and the signalling pathways mediating these processes are being revealed in detail.
identification of the molecular components involved in axonal pathfinding is essential for understanding how connectivity is coordinated to form the Drosophila nervous system. at the larval nMJ, motor neurons synapse in a stereotypical fashion on muscle fibres of the body wall. Several molecules have a role in synapse targeting, including capricious, a leucine-rich repeat protein involved in homophilic interactions (Shishido et al, 1998) . K. zinn (pasadena, ca, uSa) presented data suggesting a role for tartan, another leucinerich repeat protein, in correct synaptic targeting of axons. the developing visual system has also proven to be a useful model for studying axon guidance. the r7 and r8 photoreceptors terminate in different layers of the medulla, with r8 arriving first. the transcription factor Sequoia is necessary for this targeting event (Brenman et al, 2001) . M. petrovic (Münster, germany) presented data showing that Sequoia is expressed at different times in r7 and r8 cells, which corresponds to the period when axonal targeting occurs.
the larval nMJ has also been an attractive model system to study the details of synaptic growth and plasticity. Development of nMJ synapses is controlled by several signalling cascades, including the bone morphogenetic protein (BMp) pathway, which promotes (Wu et al, 2007) .
research on glial development has also become prominent in recent years. in the embryo, specification of all glial cellsexcept midline glia-is dependent on the transcription factor glial cells missing (gcm; Hosoya et al, 1995; Jones et al, 1995; Vincent et al, 1996) . the mechanisms underlying post-embryonic gliogenesis are just beginning to be elucidated. a. giangrande (Strasbourg, France) showed that ectopic expression of gcm triggers gliogenesis at the expense of neurogenesis and suggested that epigenetic mechanisms underly this change in cell identity. t. awasaki (Worcester, Ma, uSa) examined the mechanism of postembryonic gliogenesis during normal development. He proposed that glial precursors proliferate locally during larval development and migrate throughout the brain during pupation to give rise to adult glia. understanding how post-embryonic gliogenesis occurs and whether it is mechanistically similar to embryonic gliogenesis will reveal how neuronal and glial development is coordinated throughout the Drosophila life cycle.
Sensory systems from detection to behaviour
Sensory neurons translate the detection of a cue in the external environment into a neural code that is processed by the brain to produce behaviour. in flies, as in mammals, the visual system has historically been the focus of much research, providing fundamental insights into photoreceptor development, signal transduction and learning. More recently, the powerful molecular tools available in Drosophila have been brought to bear on the olfactory, gustatory and mechanosensory systems. research presented at the meeting was largely focused in these areas, with olfaction dominant. two main areas of active investigation are the molecular mechanisms of sensory detection and the initial events in sensory processing.
the molecules that sensory neurons use to detect features of the outside world define and limit the sensations of an animal. the discovery of large families of Drosophila olfactory and gustatory receptors in the past decade has provided insight into how receptor cells detect chemical cues. in the gustatory system, the gustatory receptor gr5a marks sugar-sensing sensory neurons (Marella et al, 2006) . Work presented by a. Dahanukar (new Haven, ct, uSa) showed that many gustatory receptors are expressed in sugarsensing neurons, and highlighted gr64a and gr5a as essential for sugar detection (Dahanukar et al, 2007) , which is consistent with recent studies ( Jiao et al, 2007; Slone et al, 2007) . pheromones in Drosophila are also detected by members of the olfactory and gustatory receptor families. recent work has shown that the odorantbinding protein, lush, and the olfactory receptor, or67d, act together to detect the pheromone cis-vaccenyl acetate (cVa) involved in courtship and aggregation (Ha & Smith, 2006; Kurtovic et al, 2007) . research presented by D. Smith (Dallas, tX, uSa) , and recent studies (Benton et al, 2007) , now identify a cD36 homologue, Sensory neuron membrane protein (Snmp), as acting with lush and or67d for cVa detection. these studies suggest that many proteins function, in addition to odorant receptors, for ligand detection.
How do receptor-ligand interactions lead to the detection and discrimination of sensory cues? Studies in the olfactory system of larvae and adults are beginning to yield some surprising answers. Molecular genetic approaches have been used to create larvae and flies with few functional classes of olfactory receptor neurons (Fishilevich et al, 2005) . Behavioural studies of these flies and larvae were presented at the meeting. previous studies have shown that larvae have robust chemotaxis (Fishilevich et al, 2005) , and the new research shows that adults can discriminate two odours fairly well (S. Dasgupta, Worcester, Ma, uSa). these studies argue that small numbers of olfactory neurons are sufficient to perform sophisticated olfactory behaviours to several odours.
as our understanding of sensory detection in the periphery rapidly advances, efforts to understand higher-order sensory processing are continuing to emerge. the olfactory system, with its beautifully organized primary relay, the antennal lobe, and well-described sensory and second-order projections, lends itself to studies of sensory processing. V. Bhandawat (Boston, Ma, uSa) presented electrophysiological data showing that secondorder neurons are more broadly tuned to odours compared with the tuning of sensory neurons, and suggested that this transformation enhances odour discrimination (Bhandawat et al, 2007) . although connectivity is less well understood in the gustatory system, M. gordon (Berkeley, ca, uSa) presented a neural silencing behavioural screen combined with functional calcium imaging that enabled the isolation of candidate motor neurons involved in taste behaviours. Functional imaging studies in mushroom body neurons argue that they respond to mechanical stimuli in addition to olfactory cues (a. Mamiya; cold Spring Harbor, ny, uSa), suggesting that this brain region participates in multimodal sensory processing, similar to other insects. these studies provide a glimpse of an exciting future integrating electrophysiological and molecular studies to characterize neurons in a defined network to study the brain and behaviour.
Molecules and neurons mediating behaviours
Behavioural genetics is an ever-expanding field that was strongly represented at the meeting. the talks focused on a wide variety of innate behaviours, including courtship behaviour, feeding behaviours, aggression, egg-laying and circadian rhythms. in addition, conditioned behaviours involving learning and memory were discussed.
K. Furukubo-tokunaga (tsukaba, Japan) presented his work on a larval model for olfactory learning, which confirmed a requirement for the dopaminergic and octopaminergic systems in aversive and appetitive conditioning, respectively. this was one of the few presentations on learning and memory at this year's meeting, although this is a long-standing field in Drosophila neurobiology. a behavioural system that enjoyed plenty of exposure was the circadian clock. y. Fang (philadelphia, pa, uSa) described a new role for protein phosphatase 1 (pp1) in regulating the activity of both period and timeless (tim), showing that tim is a direct substrate of pp1 dephosphorylation (Fang et al, 2007) . y. Huang (Boston, Ma, uSa) examined the control of physiological and behavioural outputs of the cellular clock by studying a crucial intermediary-the lark rna-binding protein. By using a biochemical approach, reviews me e t i n g rep or t
Huang identified lark target rnas and showed that one target, the E74 gene, links the circadian clock to the timing of eclosion (Huang et al, 2007) . neurons expressing the pigment dispersing factor (pdf) neuropeptide are also crucial in regulating the sleep-wake cycle, and M. ceriani (Buenos aires, argentina) showed that mutants in the potassium channel Slowpoke (Slo) affected both the distribution of pdf and the anatomy of the source neurons (Fernandez et al, 2007) . together, these studies show significant interest in characterizing the molecules and neurons underlying circadian behaviours.
one clear theme that emerged from the behavioural studies is that the activation of neural subsets is a powerful complement to genetics and neural silencing in studying circuits that control behaviour. channelrhodopsin-2 and the purinoreceptor p2X2 have been used successfully in flies for light activation (lima & Miesenbock, 2005; Schroll et al, 2006) and D. Bucher (Wurzburg, germany) showed that photoactivated adenylyl cyclase is also a potent inducible activator. in separate talks, light activation of specific neurons was shown to control several behaviours, from larval nociception (Hwang et al, 2007) to proboscis extension (M. gordon, Berkeley, ca, uSa). these results show that behavioural programmes can be elicited by artificially activating discrete neural populations. this approach will undoubtedly lead to further understanding of how information flows through neural circuits and drives particular behaviours.
Drosophila as a model for neurodegenerative diseases
the cellular events underlying neurodegeneration are of great interest, given their causal role in devastating conditions such as alzheimer, parkinson and Huntington diseases. Flies have become an effective model system for studying these processes owing to the conservation of crucial molecules involved and the toxicity of human disease genes in Drosophila neurons. the presentations at this meeting showed that flies continue to provide insight into molecular pathways controlling the transition between normal and diseased states in the nervous system. neural degeneration can result from protein toxicity or from lossof-function mutations. polyglutamine diseases comprise a significant class of conditions in which cag repeat expansion in the disease protein confers toxicity. overexpression of the causal protein in spinocerebellar ataxia type 3 disease produces neurodegeneration in the fly (Warrick et al, 2005) . J. Jung (philadelphia, pa, uSa) extended this disease model by showing that triplet repeat expansion increases in successive generations and is promoted by transcription of the disease gene ( Jung & Bonini, 2007) . l. Keegan (Edinburgh, uK) presented his work on the rna-editing protein adenosine deaminase acting on rna (adar). Mutations in the fly version of this gene lead to neurodegeneration and severe behavioural deficits (palladino et al, 2000) . this pathology can be rescued by the expression of human forms of the Adar gene, and the Edinburgh group used this system to uncover functional differences between three human isoforms and identify crucial rna substrates of adar. J. Mast (Stanford, ca, uSa) used a loss-of-function mutation in a mitochondrial enzyme to induce mild mitochondrial dysfunction. this resulted in a neurodegeneration phenotype and Mast presented evidence that the build-up of reactive oxygen species has a role in this pathology.
in addition to processes intrinsically affecting neurons, there was also interest in studying the role that central nervous system glia can have in disease pathology. For example, during developmentally programmed or injury-induced neuronal cell death, glia clear apoptotic fragments (Hoopfer et al, 2006; MacDonald et al, 2006) . the engulfment receptor Draper is known to mediate this process and E. Kurant (new york, ny, uSa) presented evidence that a related receptor is also required. glia can also have a protective role, which includes the formation of a blood-brain barrier to limit access of haemolymph-borne molecules to the central nervous system. r. Bainton (San Francisco, ca, uSa) presented his work on an aBc-B transporter required for the function of the blood-brain barrier, which revealed similarities to the molecules that are involved in the vertebrate blood-brain barrier.
Conclusions
Drosophila neurobiology continues to advance our understanding of the molecules that mediate brain development and function. Many of these genes are conserved from flies to humans, arguing that these studies will have a significant impact on our understanding of human health and disease. although the molecular mechanisms underlying processes as diverse as axon guidance, sensory detection and circadian rhythms are rapidly being revealed, an understanding of the assembly and function of neural circuits is incomplete. a shift from studies of single genes to studies of neural ensembles in the future might provide a more holistic understanding of how the underlying neural architecture of the fly brain arises in development and allows for a sophisticated repertoire of behaviours.
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